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1 Abstract
$S$ $P$ (S) ,
$Q$ (S) $\{Q_{\lambda}\}_{\lambda\in \mathcal{M}\mathcal{L}\mathrm{z}(S)}$ .
, . grafting map (
) Gr2: $Q_{0}arrow Q_{\lambda}$ $Q_{0}$ ,
Goldman’s Grafting Theorem $b$-group
r
2 Preliminaries
$S$ 2 . $S$ ( $\mathrm{P}\mathrm{S}\mathrm{L}_{2}$(C), $\dot{\mathrm{C}}$) $-$
’
, $\hat{\mathrm{C}}$ , M\"obius
. $S$ marking
$P(S)$ Teichmuller $T$ (S) $T^{*}T$ (S) ,
$6g-6$ .
$\Sigma\in P$ (S) , $\Sigma$ $\tilde{\Sigma}$ developing map ( ) $f\Sigma$ : $\tilde{\Sigma}arrow$
$\hat{\mathrm{C}}$ , $\rho\Sigma$ : $\pi_{\mathrm{J}}(S)arrow \mathrm{P}\mathrm{S}\mathrm{L}_{2}$ (C)
. , $f\Sigma\circ\gamma=\rho\Sigma(\gamma)\circ f\Sigma$ ($\forall\gamma\in\pi_{1}$ (S)) .
$R(S)=$ { $[\rho]|$ p(yr1 (S)) : non-abelian} $\subset \mathrm{H}\mathrm{o}\mathrm{m}(\pi_{1}(S), \mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C}))/\mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C})$
, $R$(S) $6g-6$ .
$\forall\Sigma\in P$ (S) $[\beta\Sigma]\in R$ (S) , $\Sigma\mapsto[\beta\Sigma]$
hol : $P(S)arrow R(S)$
, (Hejhad).
$R(S)$
$QF(S)=$ { $[\rho]\in R(S)|\rho$ : faithful, $\rho(\pi_{1}(S))$ : quasi-fuchsian}
quasi-fuchsian space . $QF(S)\subset AH(S)\subset R$ (S) . $QF(S)$
Teichmuller space $T(S)\cross T(S^{*})$ . ,
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$P$ (S) $Q(S)=\mathrm{h}\mathrm{o}1$ $-1$ (Q $F$ (S)) . $Q$ (S) $Q$
$\mathrm{h}\mathrm{o}1|Q$ : $Qarrow QF$ (S) . Goldman’s Grafting
Theorem [Go] , $Q$ (S) integral measured lamination
$\mathcal{M}\mathcal{L}_{\mathrm{Z}}$(S) 1 1 .
$\mathcal{M}\mathcal{L}\mathrm{z}(S)=$ { $\lambda=\sum k_{j}C_{j}|k_{j}\in \mathrm{N},$ $\{C_{j}\}$ : disjoint s.c.c.}.
$\Sigma\in Q$ (S) $f_{\Sigma}$ standard, exotic .
$\lambda\in \mathcal{M}\mathcal{L}\mathrm{z}$ (S) $Q$ (S) $Q\lambda$ , $Q$ (S)
$Q(S)=$ $\mathrm{u}$ $Q_{\lambda}$
$\lambda\in \mathcal{M}C$2(S)
. $Q_{0}$ standard .
$\mathrm{G}\mathrm{r}_{\lambda}$ : $Q_{0}arrow Q_{\lambda}$ hol $\circ$ Gr2 $=\mathrm{h}\mathrm{o}1$ $\lambda$ grafting
map . $\Sigma\in Q_{0}$ $\Sigma_{\lambda}=\mathrm{G}\mathrm{r}_{\lambda}(\Sigma)$ .
3
$Q_{\lambda}$ $P$ (S) $\overline{Q_{\lambda}}$ . McMullen [Mc]
.
Theorem 3.1 ([Itl]). $\lambda\in \mathcal{M}\mathcal{L}\mathrm{z}$ (S) $-\{0\}$ $\overline{Q_{0}}$ $\overline{Q\lambda}$ $\neq\emptyset$
. $i$ (., $\cdot$ ) , $\{\lambda_{i}\}_{i=1}^{m}\subset$
$\mathcal{M}\mathcal{L}\mathrm{z}(S)-\{0\}$ $i$ (\lambda j, $\lambda_{k}$ ) $=0$ (\forall j, $k$ ) , :
$\overline{Q_{0}}\cap(_{i=1}^{m}\cap\overline{Q_{\lambda}\dot{.}})\neq\emptyset$ .
Theorem 3.2 ([It2]). $\lambda,$ $\mu\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}(S)-\{0\}$ .
, $(\lambda, \mu)_{\#},$ $($ \lambda , $\mu)_{\mathrm{b}}\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}$ (S) , $\{\Sigma_{n}\}_{n\in \mathrm{Z}},$ $\{\Sigma_{n}’\}_{n\in \mathrm{Z}}\subset Q$ (S)
( 1 ) :
(1) $\{\Sigma_{n}\}_{|n|\gg 0\subset Q_{\lambda}\Sigma_{n}}arrow\Sigma\in\overline{Q_{0}}\cap\overline{Q_{\lambda}}$ as $|n|arrow\infty$ ,
(2) $\{\Sigma_{n}’\}_{n\gg 0\mathrm{C}Q_{(\lambda,\mu)_{\#}}},$ $\{\Sigma_{n}’\}_{n\ll 0\mathrm{C}Q_{(\lambda,\mu)_{\vdash}}}$ $\Sigma_{n}’arrow\Sigma’\in\overline{Q_{\mu}}$ as $|n|arrow\infty$ ,
(3) $\mathrm{h}\mathrm{o}1(\sum_{n})=\mathrm{h}\mathrm{o}1(\sum_{n}’)(\forall|n|>>0)$ $\mathrm{h}\mathrm{o}1(\sum)=\mathrm{h}\mathrm{o}1(\sum’)$ .
Corollary 3.3 ([It2]). $\lambda\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}(S)-\{0\}$ $Q_{\lambda}$ self-bump
. , $\Sigma\in\overline{Q_{0}}\cap\overline{Q_{\lambda}}$ , $\Sigma$ $U$
$U\cap Q\lambda$ .
Theorem 3.4 ([It2]). $\lambda,$ $\mu\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}$ (S) $\overline{Q\lambda}$ $\overline{Q_{\mu}}\neq\emptyset$ .
$(\lambda, \mu)\#)$ (\lambda ,\mu )b\in ML (S) , $\lambda$ $\mu$
, $\lambda\cup\mu$ . 2, 3
. $(\lambda, \mu)_{\#}\neq(\lambda, \mu)_{\mathrm{b}}\Leftrightarrow i($ \lambda , $\mu)\neq 0$ .
1: Theorem 3.2 ( $i($ \lambda , $\mu)\neq 0\Leftrightarrow(\lambda,$ $\mu),$ $\neq(\lambda,$ $\mu$)b )
2: $($ \lambda , $\mu)_{\#}$ ( ) $(\lambda,\mu)$b( )
$(\lambda, \mu)$ # $(\lambda, \mu)\mathrm{b}$




$\underline{P(}S$ ) $\hat{P}$ (S) . , $\lambda\in \mathcal{M}\mathcal{L}\mathrm{z}(S)$
$Q\lambda(\supset Q_{\lambda})$
$\overline{Q_{\lambda}}=\{\{\Sigma_{n}\}_{n=1}^{\infty}\subset Q_{\lambda}|\exists\rho=\lim_{narrow\infty}\rho\Sigma_{n}\in\overline{QF(S)}\}/\sim$
. $\{\Sigma_{n}\}_{n=1}^{\infty}\sim\{\Sigma_{n}’\}_{n=1}^{\infty}\Leftarrow\lim\rho\Sigma_{n}=\lim\rho\Sigma_{\acute{n}}$ . $\overline{\overline{Q_{\lambda}}}\subset\overline{Q_{\lambda}}$
. $\{\Sigma_{n}\}_{n=1}^{\infty}\in\overline{Q_{\lambda}}$ $\{\Sigma_{n}\}_{n=1}^{\infty}\in\overline{\overline{Q_{\lambda}}}$ ,
:
(1) $\lim\Sigma_{n}\in P$ (S),
(2) $\lim\Sigma_{n}=\infty$
(a) $\exists K^{*}\subset T(S^{*})$ : compact $\mathrm{s}.\mathrm{t}$ . $\{\rho\Sigma_{n}\}\subset T$ (S) $\mathrm{x}K^{*}$ ,
(b) $\exists K\subset T(S)$ : compact $\mathrm{s}.\mathrm{t}$ . $\{\rho\Sigma_{n}\}\subset K\cross T(S^{*})$ .
(1) $Q\lambda\subset\overline{\overline{Q\lambda}}$ , (2-a) $\rho=\lim\rho\Sigma_{n}\in\partial^{+}QF(S)$ , (2-b) $\rho=$
$\lim\rho\Sigma_{n}\in\partial^{-}QF$ (S) . $\Sigma=\{\Sigma_{n}\}_{n=1}^{\infty}\in\overline{\overline{Q_{\lambda}}}$ $\rho\Sigma=\lim\rho\Sigma_{n}$ &
. hol : $Q_{\lambda}arrow R$ (S) hol : $\overline{\overline{Q_{\lambda}}}arrow R$ (S) . $\overline{\overline{Q_{\lambda}}}$
$R$ (S) hol ; $\overline{\overline{Q\lambda}}arrow R$(S) . , $P(S)$
$\{\overline{\overline{Q_{\lambda}}}\}_{\lambda\in\Lambda 4\mathcal{L}\mathrm{z}(S)}$ d oint union $\hat{P}$(S) :
$\hat{P}(S)=P$ (S) $\mathrm{u}(\mathrm{u}_{\lambda\in\lambda 4\mathcal{L}_{\mathrm{Z}}(S)}Z_{\lambda)}/\sim$ ,
$\sim$ $\overline{Q\lambda}\subseteq P$ (S) $\overline{Q_{\lambda}}$ $\subset\overline{\overline{Q_{\lambda}}}$ .
$\mathrm{h}\mathrm{o}1$ : $P(S)arrow R$ (S) $\hat{P}(S)$ , $\mathrm{h}\mathrm{o}1$ : $\hat{P}(S)arrow R$(S)
. , :
Q\lambda $=\overline{\overline{Q_{\lambda}}}-Q_{\lambda}$ ,
+Q\lambda $=\{\Sigma\in\partial Q_{\lambda}|\rho_{\Sigma}\in\partial^{+}QF(S)\}$ ,
-Q\lambda $=\{\Sigma\in\partial Q_{\lambda}|\rho\Sigma\in\partial^{-}QF(S)\}$ .
4.2 Discrete property
Theorem 4.2 (Discrete property) ,
.
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Lemma 4.1. $R$ Area(R) $<\infty$ . $A\subset R$ core
curve homotopy class $\alpha$ , $l_{R}$ (\mbox{\boldmath $\alpha$}) .
Mod(A) $l_{R}(\alpha)\leq\sqrt{\mathrm{A}\mathrm{r}\mathrm{e}\mathrm{a}(R)\mathrm{M}\mathrm{o}\mathrm{d}(A)}$
.
Remark. $\lceil \mathrm{M}\mathrm{o}\mathrm{d}(A)arrow 0\Rightarrow \mathrm{M}\mathrm{o}\mathrm{d}(A)l_{R}(\alpha)arrow \mathit{0}\rfloor$ .
, .
Proof. $E_{R}$ (\mbox{\boldmath $\alpha$}) $R$ $\alpha$ extremal length , 2
$E_{R}( \alpha)=\sup_{\rho}\frac{(\inf_{\alpha’}\int_{d}\rho(z)|dz|)^{2}}{\int\int\rho(z)^{2}|dz|^{2}}\geq\frac{(l_{R}(\alpha))^{2}}{\mathrm{A}\mathrm{r}\mathrm{e}\mathrm{a}(R)}$ ,
$E_{R}( \alpha)=\frac{1}{\sup_{A’\subset R}\mathrm{M}\mathrm{o}\mathrm{d}(A’)}\leq\frac{1}{\mathrm{M}\mathrm{o}\mathrm{d}(A)}$
Mod(A) $(l_{R}(\alpha))^{2}\leq$ Area(R) $\Leftrightarrow$ Mod(A) $l_{R}(\alpha)\leq\sqrt{\mathrm{A}\mathrm{r}\mathrm{e}\mathrm{a}(R)}$Mod(A).
Theorem 4.2 (Discrete property). $\rho\in\partial^{\pm}QF$ (S) $\Sigma\in\partial^{\pm}Q_{0}\mathit{8}$l.
$\rho\Sigma=\rho$ . , $Q_{0}\ni\Sigma_{n}arrow\Sigma\in\partial^{\pm}Q_{0}$ ,
$\{\lambda_{n}\}_{n=1}^{\infty}\subset \mathcal{M}\mathcal{L}\mathrm{z}(S)$ , { $\mathrm{G}\mathrm{r}_{\lambda_{n}}($\Sigma n)} $P$ (S)
.
Proof. $(\Sigma_{n})_{\lambda_{n}}\cdot=\mathrm{G}\mathrm{r}_{\lambda_{n}}$ (\Sigma n) , $\pi$ : $P(S)arrow T$ (S) $X_{n}=$
$\pi((\Sigma_{n})_{\lambda_{n}})$ . $T$ (S) $X_{n}arrow\infty$ . $\lambda_{n}$ 1
. $\lambda_{n}=\alpha_{n}$ .
$QF(S)=T$(S) $\mathrm{x}T(S^{*})$ , $B_{X}=\{X\}\cross T(S^{*}),$ $B_{Y}^{*}=T(S)\cross\{\mathrm{Y}\}$
$B_{X}\ni\rho_{n}arrow\rho\in\partial B_{X}$ $B_{Y}^{*}\ni\rho_{n}arrow\rho\in\partial B_{Y}^{*}$ . ,
$B\chi\ni\rho_{n}arrow\rho\in\partial B_{X}$ . Fuchsian $\rho 0\in Bx$ 1 ,
$\Sigma_{0}\in Q_{0}\mathrm{s}$.t. $\rho_{\mathrm{Z}_{0}}=\rho_{0}$ . $X=\pi(\Sigma_{0})$ . $\rho_{n}$ $\rho_{0}$
$\mathrm{H}^{*}$
$\mathrm{q}\mathrm{c}$- . , $\Sigma_{n}$ $\Sigma_{0}$ qc- ,
$(\Sigma_{n})_{\alpha_{n}}$ $(\Sigma_{0})_{\alpha_{n}}$
$\mathrm{q}\mathrm{c}$- . $(\Sigma_{0})_{a_{n}}$ $\Sigma_{0}$ , $l_{X_{0}}$ (\mbox{\boldmath $\alpha$}n),
$2\pi$ , , $\mathrm{H}$
$l_{X_{0}}$ ( ), $\pi/2$ 2 ( 1 $A_{n}$
) , $\mathrm{q}\mathrm{c}$- $(\Sigma_{0})_{\alpha_{n}}arrow(\Sigma_{n})_{\alpha_{n}}$ . , $A_{n}$
$X_{n}=\pi((\Sigma_{n})_{\alpha_{n}})$ . $\mathrm{M}\mathrm{o}\mathrm{d}(A_{n})=\pi/2lx$ (\mbox{\boldmath $\alpha$}n)
, $narrow\infty$ $l_{X}(\alpha_{n})arrow\infty$ $\mathrm{M}\mathrm{o}\mathrm{d}(A_{n})arrow 0$ , Lemma
4.1 Mod(A\tilde $lx_{n}( \alpha_{n})=\frac{\pi i_{X}(\alpha_{n})}{2i_{X}(\alpha_{n})}arrow 0$ . $(s)(X, X_{n})arrow\infty$
.
$B_{Y}^{*}\ni\rho_{n}arrow\rho\in\partial B_{\mathrm{Y}}^{*}$ , $X_{n}$ $A_{n}\mathrm{s}.\mathrm{t}$ . $\mathrm{M}\mathrm{o}\mathrm{d}(\mathrm{A}_{n})$ $=\pi/l_{X}(\alpha_{n})$
, $X_{n}arrow\infty$ .
4.3 Continuous extension
$\Sigma\in\partial Q$0, $\lambda\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}$ (S) $(\Sigma, \lambda)$ graftable ,
:
(1) $\forall\gamma\subset \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\lambda$ $\rho\Sigma(\gamma)$ loxodromic,
(2) $\Sigma\in\partial^{-}Q_{0}$ , $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\lambda$ parabolic locus $p^{+}(\rho\Sigma)$
.
$(\Sigma, \lambda)$ graftable , $\Sigma_{\lambda}=\mathrm{G}\mathrm{r}_{\lambda}(\Sigma)\in P$(S) $\mathrm{s}.\mathrm{t}$ . $\mathrm{h}\mathrm{o}1(\Sigma\lambda)=$
$\mathrm{h}\mathrm{o}1(\Sigma)$ . $\Sigma\in\partial^{-}Q_{0}$ Bromberg [Br]
. $\Sigma\in\partial Q$0 , $(\Sigma, \lambda)$ graftable , $\mathrm{G}\mathrm{r}_{\lambda}$
$\Sigma$ . , $Q_{0}\ni\Sigma_{n}arrow\Sigma\in\partial Q_{0}$
$(\Sigma_{n})_{\lambda}arrow\Sigma$, .
Theorem 4.3 (Continuity). $\lambda\in \mathcal{M}\mathcal{L}\mathrm{z}$ (S) , $\mathrm{G}\mathrm{r}_{\lambda}$ : $Q\mathrm{o}arrow P(S)$
, $\mathrm{G}\mathrm{r}_{\lambda}$ : $\overline{\overline{Q_{0}}}arrow\dot{\grave{P}}$ (S) .




’ graftable $(\Sigma_{n})_{\lambda}arrow\Sigma_{\lambda}\in P$ (S) . $\Sigma$
$U$ $\Sigma_{\lambda}$ $V$ $\Phi_{\lambda}$ : $Uarrow V$ hol $\circ\Phi_{\lambda}=\mathrm{h}\mathrm{o}1$
. $\Phi_{\lambda}(\Sigma_{n})arrow\Sigma_{\lambda}$ , $\Phi_{\lambda}(\Sigma_{n})=(\Sigma_{n})_{\lambda}$ .
$\Phi_{\lambda}(\Sigma_{n})\in Q_{\lambda}$ . $\Phi_{\lambda}(\Sigma_{n})\in Q_{\lambda_{n}}(\lambda_{n}\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}(S))$
. discrete property $\lambda_{n}\in$ $\{$ \mu 1, . . ., $\mu_{k}\}(n\gg 0)$ .
$\Gamma_{n}={\rm Im}\rho$
n’ $\Gamma={\rm Im}\rho$ , ( ) $\Gamma_{n}$ $\exists\hat{\Gamma}(\supset\Gamma)$
, limit set $\Lambda(\Gamma_{n})$ $\Lambda(\hat{\Gamma})$ Hausdorff . $\Lambda(\Gamma_{n})$
$\Lambda(\Phi_{\lambda}(\Sigma_{n})_{J}^{)}\subset\Phi_{\lambda}(\Sigma_{n})$ A $(\hat{\Gamma})$ $\hat{\Lambda}(\Sigma_{\lambda})\subset\Sigma_{\lambda}$ Hausdorff
. , $\Lambda(\Gamma)$ $\Lambda(\Sigma_{\lambda})\subset\Sigma_{\lambda}$ ,
[ACCS] $\hat{\Lambda}(\Sigma_{\lambda})-\Lambda(\Sigma_{\lambda})$ ,
$\Lambda(\Phi_{\lambda}(\Sigma_{n}))\subset\Phi_{\lambda}(\Sigma_{n})$ , $\Phi_{\lambda}(\Sigma_{n})\in Q_{\lambda}$ . ,
$\lambda_{n}\in$ $\{$ \mu 1, . . . , $\mu’\}(n>>0)$ .
$(\Sigma, \lambda)$ graftable . $\Sigma_{n}arrow\Sigma$




, $\mathrm{h}\mathrm{o}1:\hat{P}(S)arrow R$ (S) .
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Theorem 4.4 (Goldman’s Grafiing Theorem [Go]). $\rho\in QF$ (S)
$\Sigma\in Q_{0}s$ . $t$ . $\rho\Sigma=\rho$ , :
$\mathrm{h}\mathrm{o}1^{-1}(\rho)=\{\Sigma’\in\hat{P}(S)|\rho\Sigma!=\rho\}=\{\mathrm{G}\mathrm{r}_{\lambda}(\Sigma)|\lambda\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}(S)\}$ .
$\mathrm{h}\mathrm{o}1^{-1}(\rho)\subset P$(S) .
Theorem 4.5 (Grafting theorem for $b$-group). $\rho\in\partial^{\pm}QF$ (S)
$\Sigma\in\partial^{\pm}Q_{0}s$.t. $\rho_{2}=\rho$ , :
$\mathrm{h}\mathrm{o}1^{-1}(\rho)=\{\Sigma’\in\hat{P}(S)|\rho\Sigma\cdot=\rho\}=\{\mathrm{G}\mathrm{r}_{\lambda}(\Sigma)|\lambda\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}(S)\}$ .
$\mathrm{h}\mathrm{o}1^{-1}(\rho)\cap P$(S) :
hol-1 $(\rho)\cap P(S)$ $=$ $\{\Sigma’\in P(S)|\rho\Sigma^{\prime=}\rho\}$
$=$ { $\mathrm{G}\mathrm{r}_{\lambda}(\Sigma)|(\Sigma,$ $\lambda$) : grajtable}.
Remark. Bromberg’s Conjecture [Br] .
Proof. $\rho\in\partial^{\pm}QF$ (S) . $\Sigma’\in\hat{P}$ (S) $\mathrm{s}.\mathrm{t}$ . $\mathrm{h}\mathrm{o}1(\Sigma’)=\rho$ ,
$\lambda\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}$ (S) $\Sigma’=\Sigma_{\lambda}$
$\Sigma’\in\hat{P}(S)-P$ (S) , $\lambda\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}$ (S) $\Sigma’\in\overline{\overline{Q_{\lambda}}}-\overline{Q_{\lambda}}$
. , $\{\Sigma_{n}’\}\subset Q_{\lambda},$ $\Sigma_{n}’arrow$ \Sigma ’ , $\{\rho_{n}=$
$\rho\Sigma_{\acute{n}}\}\subset(T(S)\cross K^{*})\cup(K\mathrm{x}T(S^{*}))$
$\rho_{n}arrow\rho$ . $Q_{0}$
$Q_{0}\ni\Sigma_{n}arrow\Sigma\in\partial^{\pm}Q_{0}\mathrm{s}$ .t. $\rho\Sigma_{n}=\rho_{n}$ . $\Sigma_{n}’=(\Sigma_{n})$ ,
, $\Sigma’=\Sigma_{\lambda}$ .
$\Sigma’\in P(S)$ . $\rho_{n}arrow\rho$ $\{\rho_{n}\}$ $(T(S)\mathrm{x}K^{*})\cup(K\cross T(S^{*}))$
. $\mathrm{h}\mathrm{o}1$ $Q_{0}\ni\exists\Sigma_{n}arrow\exists\Sigma\in\partial^{\pm}Q_{0}\mathrm{s}$.t. $\mathrm{h}\mathrm{o}1(\Sigma_{n})=\rho_{n}$
$\exists\Sigma_{n}’arrow\Sigma’\mathrm{s}$ .t. $\mathrm{h}\mathrm{o}1(\Sigma_{n}’)=\rho_{n}$ . $\Sigma_{n}’\in Q\lambda_{n}$ discrete property
$\lambda_{n}\in$ $\{$ \mu 1, . . . , $\mu_{k}\}(n>>0)$ . $\lambda_{n}\equiv\mu$ .
$\Sigma_{n}’=(\Sigma_{n})_{\mu}$ , $\Sigma_{n}’arrow$ \Sigma ’ $(\Sigma_{n})_{1}arrow\Sigma_{\mu}$ ( ) $\Sigma’=\Sigma_{\mu}$ .
4.5 An additional observation
$R$(S) , $\tilde{R}$ (S) ., $\mathrm{h}\mathrm{o}1$ : $P(S)arrow$
$R$(S) $\overline{\mathrm{h}\mathrm{o}}1$ : $P(S)arrow\tilde{R}$(S) . $\overline{\mathrm{h}\mathrm{o}}1$ immersion
.
Proposition 4.6. $\overline{\mathrm{h}\mathrm{o}}1:P(S)arrow\tilde{R}(S)$ embedding .
$\mathrm{T}\mathrm{h}\infty \mathrm{r}\mathrm{e}\mathrm{m}3$ .2 . $QF$ (S)
(self-bumping) , $\tilde{R}(S)$ $P$ (S) ,
.
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